Abstract: It is well-known that exponential stabilization of a neutral system with unstable di erence operator is only possible by allowing for control laws containing derivative feedback. We show that closed-loop stability of a neutral system with unstable open-loop di erence operator obtained by applying a derivative feedback scheme is extremely sensitive to arbitrarily small time-delays in the feedback loop.
Introduction
The phenomenon of destabilization of feedback systems by arbitrarily small delays in the loop has been well-known for many years. To the best of our knowledge the paper 1] by Barman et al. is the rst one devoted to this topic. More recently, researchers working in control of partial di erential equations,`rediscovered' the destabilizing e ect of small delays in various examples involving vibrating systems, see for example Datko 5, 6] , Datko et al. 7] and Desch and Wheeler 8] . Whilst these paper are based on partial di erential equation and related techniques, a frequency-domain point of view is taken in 1]. The approach developed by Logemann and Rebarber 18] and Logemann et al. 19] is similar in spirit to that in 1], but is not tied to the restrictions imposed in 1] such as the assumption that the open-loop transfer function has at most nitely many poles in the closed right-half plane. In this paper we show, using results from 19] , that small delays in the feedback loop can also have a destabilizing e ect on certain neutral functional di erential equations. The problems of stability, stabilizability and stabilization for neutral systems has received considerable attention in the last 15 Salamon 22] and Spong 24] , to mention just a few references. For neutral systems the problem of feedback stabilization is in general considerably more di cult than for retarded systems. The reason for this is the fact that a neutral system with unstable di erence operator possesses at least one unstable in nite root chain. A simultaneous shifting of these eigenvalues to a`stable' region of the form Re s , for some < 0, requires a change of the associated functional di erence equation. Hence exponential stabilization of a neutral system with unstable di erence operator is only possible by allowing for control schemes containing derivative feedback (this important fact has rst been recognized in 21] for systems with a single point delay). Our main results shows that if a neutral system with unstable di erence operator can be exponentially stabilized by a state feedback of the form u(t) = F _ leads to a closed-loop system which has an unstable in nite root chain. The paper is organized as follows. In Section 2 we present some preliminaries and state two results from 19] which are needed later in the paper. In Section 3 we prove a destabilization result for a class of feedback controlled functional di erence equations and discuss how it is related to a well-known sensitivity result in the literature 10]. Finally, in Section 4 we apply the result of Section 3 to neutral systems. with nite growth bound, see Weiss 26] , section 2. In particular, the transfer function of any abstract linear system (in the sense of Weiss 25] 
A destabilization result for functional di erence systems
Consider a functional di erence equation of the form
where 0 < h i h, for some h > 0, and the matrices D i 2 R n n satisfy (3.5) and apply the feedback u(t) = F d x t?" , where " 0 and
Here 0 < k i h and the feedback matrices F i 2 R m n satisfy
Clearly, D " d is stable if Before we prove Theorem 3.1 we make some comments concerning its interpretation and give a short discussion of related results in the literature. The case of nitely many noncommensurable delays is studied in 24] using a stronger concept of stability. The conclusion of Theorem 3.1 is that closed-loop stability is not robust with respect to small delays in the feedback loop, i.e. closed-loop stability can be destroyed by arbitrarily small delays in the feedback loop. (iii) For` nite' di erence operators it is shown in 22] that in the case of independent delays in the given equation and in the feedback loop, any control law of the form u(t) = F d x t leads to a degradation in the strong stability behaviour of the closed-loop system. However, this does not imply that the closed-loop system is actually destabilized by arbitrarily small delays in the feedback loop.
3
Proof of Theorem 3.1: We proceed in several steps.
Step 1: For the controlled system (3.5) we introduce the following`arti cial' output Step 4: Our aim is to show that (H) = 1, where (H) is de ned by (2.2). By Step 3 there exists a sequence Now, by (3.16), the entries of X(s) 
